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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL MEMORANDUM NO, 848

PLANING-SURFACE TESTS AT LARGE FROUDE
NUMBERS -~ AIRFOIL COMPARISON™

By A. Sambraus
INTRODUCTION

.The take-off capaclty of a flylng boat depends upon
the deslign of the hull bottom ahead as well as aft of the
step. Systematic tests ~ largely made by the industry
1tself - had proved the benefit accruing from a well-
deslgned hull bottom long before theoreticel insight into
the flow phenomena involved had been obtained. The theo-
retical framing of the problem was beset with serious dif-
ficultles and, though restricted to the processes within
range of the plan&ng bottom ahead of the gtep, the solu-
tlons do not as yet afford a comprehensive survey.

NOTATIOL
Planing
surface,
alrfoill
£, acceleration of gravity.
p = Y/g, density.
v plate apeed.
vy =YV B, vertical speed component at planing surface.
b, plate width (at right angles to V)..
1, Plate length (in V direction) (for planing
surface = area of pressure surface divided

by D).

*"Gleitflﬂc%enverauche bel gzrossen Froudeschen Zahlen und
Tragflugelvergleizh." ILuftfahrtforschung, vol, 13,
no. 8, August 20, 19%6, pv. 269-280.
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distonce of 1ift resultant
from trailing edge of plnte.

depth of immerslon.
angle of attack of platos.

"effectlive" angle of attack =
B minus angle of downwash By.

supplementary angle of attack

due to boundary-layer friction
at plening surface.

angle of downwash due to infil-
nite width of surface in mo-
tlon free from gravity.

FProude nunber.

Reynolds Number.

load factor.

forward plate loading.
rear plate loading.

monerdtum of downward moving
filnid mass.

mase reduced to Vy moving
downward ver length "one'" at
infinitely small angle of at-
tack.

mass reduced to moving
downward per lengtﬁ "one"
finite angle of attack.
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Ploning . Adrfoll -
surface ]
Ry . - Ry! normel force of plate at infi-
nitely small angle of attack.
R . : R! normal force of plate at finlte
: angle of attack (fig. 1).
Ay=R, cos B |Ay"=R,"' cos B 1ift at 1nf1n1tely small anglo
of attack.
A =R cos B |[A' = R! cos B 1lift at finlte angle of attack,
b === fF B! = EE% = Ié% conversion factor..
0 0 ) )
Cn = S e, = Al 11ft coofficlent.
PPyt Bty
2 ?
Wy horizontel push-rod force.
Wy frictional drag in boundary-
layer drag coefficient.
VR :
Cp = —r— drag cocefflclent.
£ P =
= V" bl
2
K auxiliary quantity (taken from
fig.. 18 of reference 2),
PART I

l. Provious Studles

In his method of explaining the casa of accelorated-
planing, H. Wagner (referonces 1 and 2) disregarded both
the gravlty and the fluild viscosity. He obeerved that, 1n
nccoleratod planing et very (infinitoly) small angles of
attack, the 1ift of o planing surface 1s exactly half as
great as that of an 4dentical iafinitoly thin alrfoll
whoso plan corresponds to the wotted surface (pressure sur-
face) (airfoil comparison).
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The attempt at reconciling Wagner's theory (refer=
ences 1 and 2) with Sottorfl's test data on flat planing
surfaces (references 3, 4, and 5) was quite satisfactory
(ecurve C, figs. 14 and 16) for short plates (i.e., for
emall /) up to about 1/b =1 at both small and large
angles of attack within the entire range of Froude num-
bers comprising Sottorf's program. For long plates, on
the other hand (large 1/b), the agreement was far from
satiefactory (curve D in figs. 14 to 16). This might be
due in part to the increasing gravity effect with great
plate length; then, too, it should be observed that Wag-
ner!s theory for the case of long plening surfaces is
applicable only to very (infinitely) small angles of at-
tack. And so the diescrepancies between theory and exper-
iment could be traced to the fact that the assumption of
infinitely small angle of attack did not constitute a
sufflclently close approximation for Sottorf'!s test range.

2. Experiments

‘'The purpose of the experliments was to eluclidate these
discrepancies between theory and experiment; that is, to
separate as far as posslible the effect of gravity and
that of the finite angle of attack. With this in mind, I
made a series of tests with the high-speed carrilage in the
Prugslen Experimental Laboratory for Hydraullcs and Ship
Design, Berlin, on flat planing surfaces at largest possi=-
ble Froude numbers; that 1s, at the highest possible test
speed and with the smallest possible plates. (See table I
at end of report.) In distinction to Sottorf'!s tests
(reference 3) the peak speed V was ralsed from 9.5 to
16 meters per second; and the plate width b. reducedn
from 30 to 15 centimeters, thus raising the highest ob-
tained Froude number F = V//bg to 2.37 times its value.
The oxperiments with long plates and high load rating, re-
stricted to 6 meters per second speed in Sottorf's test,
were considerably extemnded.

The experimental arrangement, patterned largely af-
ter Sottorf set-up, 1s described later on.

As in Sottorf's experiments, the plates wore left
free to trim and loaded with wolghts (figs. 1 and 22). At

the chosen load ratings ———%——E = 0,218, 0.109, and

[
5 Vb
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0.0545* (nee table I), this assured three groups of tests
(figs. 2 to .4, 14 to~16, and 17 to 19) which, in turn,
were gubdivided according to Froude number (speeds) into
test serlies with constant welght loading but variadble cen-
ter~of-gravity position. Table I also indicates the test
series, run with the 15~ and 30-centlimeter plates. To as-
sure greater accuracy and at the same time afford a check
on Sottorf!s measurements, the tests were made - as far as
the experirental set-up allowed - with the 30-centimeter
Plote. Because 1t was occasionally expedient to analysgze
the test data 1in relation to the speed rather than the
Froude number (figs. 2-4, 14-16, and 17-19), and also be-—
cause the speeds at equal Froude number are proportional
to the roots of the plate widths, the spaed was referred
to one olate width. In the following 1t was referred and
converted to the 30-centimeter plate (figs. 2~4, 14-16,
and 17-19), the same as Sottorf employed in his tosts.

As in Sottorfts casc (figs. 1 and 22), our experi-
ments covored:

1, The nroduced wotted length 1 of the pressure
surface;

2. The ensuing angle of attack B of the planing
surface; and

3. The drag Wy of the planing surface (push-rod
force).

The position of the 1ift resultants (fig. 1 and table
I, colunng 6 and 13) and their companents normal to the
planing surface (= R) and in the plane of the planing
surface (= W = friction) wore mathematically established
from Gy and Gg, tho plate welght and Wgz; from Wy

v
followed tho coefficlent of friction og = E——;E——— (ta-
. . 5 ¥ 1.

ble I, columns 8 and 15),

3. Results of Experiments (Airfoill Compariaon)

The results are shown in figures 2 to 4, with l/Ea.
the reciprocal value of the squared Froude number F es

l"Go:r.'resspondfl.m_r: to Sottorf's load ratings Oy = 0,218,
0.109, and 0.0545 (reference 3).
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absclissa. The speeds converted:for the 30-~centimeter
Pleto are included also. Tho right-<hend side of each one
of the threo plots corresponds to low spoed (great grav-

1ty offcct), with the left border J% = 0 corresponding
r

to the extrome caso of infinlitoly high speed; that is, tho
gravity—Sroe problom. Asg ordinnto, we vlotted with the
ald 'of flzures 14 to 16, the experimental anglo of attack
B for tho zssumed 1/b in flgures 2 to 4. The curves
connccting the individunl B values give the anglo-of-
atteck range for glvon 1/b of the planing surfacoe at
constant 11ft coefficlent Co
Filgure 2 illustrates the rosults for the high load
rating (i.e., large B), and figures 3 hnd 4, for low load
rating (i.e., small B). Winter's wind-tunnel tests™ (ref-
erence 6) - the results of which are reproduced in figure
25 - ore nlso represented by the angles of attack of flat
airfolls at doubled 1lift coefflclents ¢, at =0 for

e

1/ =1, 2, and 3. The good agreement existing between
alrfoll and planing surface test data at large Froude num-
bers, even for great plate lengths and high B (figs. 2 to
4), constitutes the first result of our work; that is,
controry to the origlnsal expectatlons, the alrfoll. compar-
l1son retning lIts valldity even at larger angles of nttacks

If the gravity (Froude number) and the viscosity ex-
erted no cffect on the process, each plotted curve would,
in conforunity with the general dynamie law of similitude,
be o strolght line B = ccnstant; bocruso for every one of
these curvos tho plate londing was wariod as the square
of the sneed. The plope of the curvos i1s, in coansequencs,
a criterion for the actually exlsting gravity and viscos-
1ty cffoct. :

Tho drag W of flat planing surfacos with no allow-
enco for viscosity, is given in filigure 1 for given loading
R and angle B with W = R gin, B. TFigures 2 to 4 show
that W o2ond B incroase in part and drop in part with
incrcasing Froude number: that 18, with riging gravity eof-
fect under otherwlse ldentical condltions.

*Airfoil investigations mado by E. Winter in the wind tun-
ne} of tho Danzig Tochnischen Hochschile (chair, Professor
Flugcl). Thegc cxperiments aro much more accurate than tho
hithorto known experireants with long surfaces dy Eiffel
(reforenco 7).
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Before proceeding with the discusslon of figures 2 to
4, o fow words about the viecoslty effect may be to the
roint, That this effect in the boundary layer 1g negligl-
bly small on the effectlive angle of attack, 1s borne out
by the following argument: Suppose a very thin turbulent
frictional layer starts to form on the leading edge of the
Plening surface (fig. 5) which at the end, of the plate
-posgesses the veloclty dlstridution according to equatlon

3 1/7 -
= (%) (fig. 6), whereby V¥V = veloclty of potential

flow outeilde of frictional layer (= plate speed), ¥y =

distence from plate and 8 = 0.37 1 / thickness of

frictional layer. Then the thickness of the friction-~

al layer at the leading edge, affected by frictlon while
passlng by tho plate, follows from

y=5
‘ —
V8§ = // V day
y=o
7 A 7
having recourse to equation — = ( ) at 8, = £ 8 (fig.

Owing to the friction on the plate, the potenticl flow
is deflected through an angle A B, = gf (fig. 6), which

ig followed by an increase in effectlve angle of attack
and hence a rige in 1lift by AR, With minor discrepancles
the 1nterpretation of the test data gave A By = 0.,15°

(table I, column 17). The experimental accuracy for the
angle of attuck belag *0.1°, the friction effect may be
l1gnored. Admittedly, the cl ted change AR due to the
change 1in By does not exhaust the effect of viscosity on

the 1ift. As on the alrfoll, the cumulatlive 1lift AR- of
the planing surface is in a woell-defined relationship with
tho frictlon in the dboundary layer. For the two~dimen-
slonal alrfoll problem, this relationghlp hds been rather
well cleared up by Botz (referonces 8 and “*9"); but the
throe~dimensional problem of the long planing surface pre-—
sents s0 much greater difficulties, which probadbly will
not be overcomo until after exh~ustive measurements of the
actunl veloclty distribution in the boundary layer have
been made ond when it becomos vossldble to ascertain the
cunulative 1ift AR by mcasurement.
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After thisg digression, we return to our discussion of
figures 2 to 4.

According to Wagner'!s theoretical reasoning, the drag
(angle of attack) of wlde_and short plateg and given load-
ing increases with increesing gravity effect (decreasing
Froude number). The experiments (figs. 2-4) actually man-
ifest this effoct on short plates (at least up to 1/b =
2) at all load stages. In fact, these short plates dis-—
closod, even at the highost Froude numbers reachod in the
test, a chonge in angle of attack (drag) with the Froude
nunmbor.

\
As rogerds very long plates (% = 3) the gravity ap-

pearg to have ~ drng decreansing rather than increasing
effect (B = npproximately constant), according to flgures
2 to 4, At least, this holds true for the highest Froude
numbers reached in the test, which 1s in line with Sottorf's
results (figs. 2-4). At very low speeds the loading of
the planing surfaces 1s flnally borne free from drag by
the buoyant 11ft. But it 1s nreccisoly the long plates
which, in viov of the perslstonce of the gravity on the
gshort plates at equal Froude numbcrs, scem to ralse the
doubt 2s to whether the tests nctually corresvond already
to the gravlity-free problem,

But thet thls 1s actuelly the crse is suggested from
the airfoil date plotted at =g = O, provided these val-
ueg thenmselves are correct anE not, perhaps, afflicted
wlth an appreclabdle orror due to chamferling of the leading
and tralling edges, or canused by the converslon of tke test
data (figse. 26 and 27).

In ordor to bring out the nccord between the planing
surfrece and alrfoll data oven more clearly, flgure 7 shows

the 11ft cocfficlents e, = S againgt angle of at-

% 7 v 1
tack for tho three load stages, the reglon of maximum
Froude numbors reached in the tegt F = 13.05 and PF =
3.47 ©Dbelng shown as shadcd aroa, (It correspords in figs.
2-=4 to tho rangec botween TV = 22.6 and 6 mcters per second.)
The sroph also lncludcs half tae 11ft coefficlents ¢, of
flat plenling surfacos with the ald of figure 29. The good
agrcencnt oxtends far beyond that predicted by Wagner for
infinitely small angles of ettack and includes, in fact,
a consldore®le range of Froude numbers.
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This accord between planing surface and alrfoll ties
in vlith the followlng thooretical conslderation.

According to the theory of aerodynamlcs, the 1l1ft of
en alrfoll can be considered as equlvalent to a downward
motion remaining behind the airfoil in the fluid (fig. 8).
The same holds for the planing process in the gravlity-~free
procblem,

Then on a long, narrow plate a plane flow may be as-
sumod to existin the after-reglion of the plate in the
Planes perpendicular to the directlion of flow. The down-
ward momentum B of the water mass lylng between two such
Planes of distance '“one" ig B = V4 m, wheredy V3 =7V B

1s the downward velocity of the water at the plate and m
" the entrained (reduced to Vy) quantity of water. Now

since thls momentum of the plane flow can equally be as~
sumed to remain unchanged behind the plate, the 1ift R of
the plate can be computed from the momentum theorem at

R=3YV=V28m (1)

The entreined water mass m depends upon the form of
the flow., At infinitely small B of the plate the en-
trained mass m = m, (or mo') corresponds to half (or
whole) the mass of the circuler cylinder with diameter of
the plate width b (fig. 9):

On the planing surface On alrfoil

m°=%PbBTZr. mo'=p'ba]41 (2)

For finit¢s B +the entralned water mass m of the
Planing surface corresponds to the contour of the water; .
for the airfoll, to the form of the vortex surface ((figs.
10 and 11), The vorticos shed from the lateral edges of
the alrfoll appear in the plane flow as spiral vortex
nreas in the rear region of the alrfoil, -The form of
those contours and vortex surfaces 1s defined by one indo-
pendent variable, 1.e., t/b, vwhereby t =1 B 1s the
depth of the immersed trailing edge of the planing surface
and the height of the plate of the alrfoll (perpendicular
to flow direction) (figs. 10 and 1l1),

So if p (or B! for the.alrfoil) is the ratio of en-
tralned water mass m at finite B to that at infinitely
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smpll B8 or, in other words,

On tho planing surface

On airfoll

m = g n,

m! =u| mol (3)

then p (2nd ') cen only be depondent on t/b.

For the 1i1ft of this long plate, tho following 1s

therefore g&npplicablo:

On the planing surface

On_airfoil

R=|.L]?_o

pm, V2B

b2 o2
p -V B

=

= B

R! = pt R,!

-t p T2 2 g (4)

whereby R, ond R ! derote the 1ift coefficlents comput-

ed according to the thcory for infinitely small B (that
1s, cccording to oonuation (2), fig. §).

Winter!s studioe nfford o double chock on this lino of
roasonlng for tho alrfoil:

1. Does u! sctually dcpend on t/b only?

2. DLoes the result
of very small
with p! = 1

Noto 1¢ PFiguro 12 gives

of the airfoll tests for tho caseo
immorgion depth (i.e., small B)
agroe with equation (4)?

- = D
the 11ft ratio u Bg T g !

for various nirfoll lengths (varaunter) and
various B (= 5°, 10°, and 15°) ageinst

% = lﬁ. Tho individuval valucs of | were Ob-

b
tailned from

b2
vt p 53—V

. L o=

[

vV v 1

1v] el

o
o'l
'mk?
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by having recourse-to Winter!s data c, (B. l’.b-)

(s0ild curves, Tig. 29). It -is seen ~ and -this
1s a further result of thles study - that all

tBese test points for % 2 2 1lie fairly well
on one curve; that 1s, that the 1ift ratio p!

is in fact dependent on t/b only.

Note 2t The curve laid through the test zointé'can be ex~
toended to the left as far as # = 0 and readl-"

ly carried to point p! = 1. That this 1s falr-
ly exact for airfoils with % Z 1 1is also socon
from flgure 29, where tho dashed stralghts
cao (B, %) obtained from equation (4) with

! = 1, represent falrly accurately the ten-
gonts to the curvo cg (B, 1/b) at point B =

O« Tho minor discrepanciles from the mean curve
are - oxcoptlng exverimental inaccuracles - for
short plates, in part, porhaps, attrlibutedble to
the fact that the premise of plane flow 1ln the
rogion of tho trailing edge 1s not completely
fulfilled. Thon, too, Wintor's exporiments, un-
fortunately, do not give a complete pleture of
tho forces on plane alrfoils. Tho test plates
wore slightly cambored at leedlng and traillng
edges, which at very small B revealed itself
as a disturblng influence.

The comparison (figs., 2-4) discloses that at finite B
and large X the tests for the vlaning surface 1lift yleld
50 percont of the alrfoil 1ift. This - the third result of
the study ~ means that, within the bounds of experimental
accuracy, the reduced masses for the planling surface are =-
even at finle P - half as large as for the alrfoll,

Whonce follows the fourth fact, to wit: the 11ft con-
ditions of vlaning surfaces do not change linearly with
B (fig. 29). 4And this ig the renson why an attempt to de-—
- velop a theory for the long plate conformably to Blenk?s

(referonce 1Q) theory for the short plato, adppéara to hold
out little promise. )

The results of the last consideration lend point to a
deduction about the magnitude of 11ft of long, longltudl-
nally curved planing surfaces. Even these cambered planing
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surfaces reveal in the reglon of the planing edge a plane
flow whlch should not be much uniike that on the flat plan-
ing surface (fig. 13). The total 1ift of such a planing
surface should therefore be just about as high as that of

a flet planing surface with the same t/b, and further-
moro, this relation should hold for inflnitely smell as
woll as for, finlte PB. Unfortunately, Sottorfl!s experi-
ments 4o mot lend themselves to such a check on account of
tae low F 1n the experiments wlth curved plates.

Mathematical Treatment of Figure 12

1 2 |3 | & 5 |6 | 7 8 | 9 | 10
E=5° B=10° B=15°
£ 1
s fass] wr [ sfouss] wo [2-d ofeus] wr -2

1. 1.9 [1.,21 (0,087 J2.07|1,32]| 0.174]|2.24| 1.43| 0,261
2 1,26]1e61l| 174 |1456]1.98 .34811.76| 2,24 522
3 i9411.80| .261 }1,23}2,34 5221445 2.76 . 783

7445} 64|3.04| .548 864410 1.295]1,02| 4.86| 1,945

30.0 «3116.01(2.61 «4919.29| 5.22 .65(12.031| 7,83

pt = % 3 %ﬁ B! 1is pmlottod agalnst %: %ﬂ was charted from
fizsure 29,

Fizures 14 to 16 contain the data for the flat planing
gurfaco In the conventional manner (reference 2, fig, 14),
with.tao ensuing B plotted azainst 1/b for the throe
load gstagos. The individual curves are the roesult of join-
ing ghe tost points for the differont spoeds (Froude num—
bere).

Curve A represente the test data for the highest Froude
numbor roached in thec test (fige. 2-4) and consequently,
apnroxinotes the conditions oncountered with the gravity-
free prodblem,

Curve B, obtalnod from Winter'!s airfoil studies (figs.
2=, points ot = 0) is fairly colncident with curve 4.

ﬁug
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Curve O is obtained conformably to Prandtl's airfoll
theory for the infinltely sbort alrfoil in frictionless,
gravity-free motion with consideration of the finite -8
in conjunction with equations (10) and (18) of reference 2.
The caléeulation given in table II was made as follows:

The value kK (table II, column 3) was computed from fig-
ure 18, roeference 2, for several arbltrarily assumed ef-
fective B, (table II, column 1), after which the value

r-__ R __1 btained for each from R =
a3 " By was obtaine or ea Bw _

3 g p VB By P 1 (reference 2, equation (10)) for the three

load stages (table II, columns 4, 6, and 8). Against these
values as absclesa, we then plotted the value B = By + By

(table II, columns 5, 7, and 9) for the three load stages
a8 ordilnate. The fact that thls curve actually coincides
at certain loed stages with the test data for long plates,
is nothing more than mere chance. A4t still lower load
stage the test values would lie above this curve.

Curve D, which is valid for the long plate in the ex-
treme case of infinitely small B was arrlved at as fol-
lows: TFor flat planing surfaces and very (infinitely)

L
small - B, 1t 1is %} = 1%. From B3 ———233—5 follows

. mpe VDb,
B = ——2 43——; (reference 2, equation (22), wherebdy
/T op Py -

R = A) rvhere W3i/W 4s a function of 1/b (fig. 9, ref-

erence 2)., The mathematical treatment 1s seen from table
1II. When the plates are long the curve manifests a
mnarked dlscrepancy from the experimental results.

Thias departure of curve D from the experimental re-
sults, the explanation of which formed the object of thils
study, does not rest on the gravity effect dut rather
upon the fact that the 1lift condltions do not change lin-
" eerly with the angle of attack.

Figures 17 %o 19 give the position of the 11ft re-
sultant lp/l ageinst 1/b (table I, columns 6 and 13)

for the flat planing surface at the three load stages.
The speeds plotted in the upper chart agaln refer to the
30-centimeter plate. The corresponding curves (l.e., for
load stage twice as high) from Winter'!s airfoll tests
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(fizs. 28 and 30) are also given for comparison. The par=
tially marked discrepancles from the curve obtalned in
alrfoll tests are perhaps difficult to explain; and they
probably constitute the chlef cause of the experimental
accuracy, for slight, unavoldsble errors 1in loadlng or
-frictlion in the test lay—out -~ insignificant as far as the
other meagsurements (P and 1) -are concerned - exerted, on
account of the great lever arme, a great influence on the
determinntion of the moment about the tralling edge and
through 1t, upon the poslition of the center of pressure.
More zccurcte meagsurements of the posltlion of the 1lift re-
sultont on planing surfaces are deslirable in order to re-
move the cxisting doubts.

TABLE II., Kathematlical Treatmént for Curve C (figs. 14-16)

1 | e 3 4 | 5 6 | 7 8 9
By = B - By 5 7%p = 0,109 = 0.0545
By = 8° = 40 = 2°
degree| ‘arc K 1/b g {1/v g° 1/ B°
0.3 |[0,00523]0.99 }13.4 8.3 |6.7 4,3 3335 2.3
.5 | .0087%| .983| 8.08 | 8.5 |4.08 | 4.5 |2.02|2.5
«75] 0131 .978] 5.42 8.75(2,71 4,75 |1.36 | 2,75
1,0 0175 .97 4,08 9,0 12,04 5.0 1,02 | 3.0
1.5 0262 9571 2,77 9,5 1,38 5.5 .69 | 3.5
240 0349 .944| 2,11 10.0 |1.06 6.0 .53 | 4,0
3.0 .0524 .918] 1l.44 11.0 .72 7.0 .36 | 5,0
4,0 .0698 .895{ 1,11 12.0 .56 8.0 «28 | 6.0
6.0 1047 .85 .78} 14.0 «9 | 10,0 . .19 | 8,0
8.0 .1396 « 805 .618| 16.0 .31 112.0 .15 10,0
10.0 | .1745 | .7e5| .52 | 18.0 | .26 [14.0 -| .13 2,0
/b = B L : obtalned from R = K g P VB-BW D1
P y2,8 KT By
2
(reference 2, equation 10)
e
By = ___ﬁEz_? = B _2 (reference 2, equation 18)
v Y1 E_ va-ba ™
2

K (reference 2, fig. 18) B =28y + B
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. ._TABLE III, Mathematical Treatment for Curve D (figs. 14-16)

1 2 3 il - 4 " - | - B
- 5o
B
for =

R a.a

L VoD
/b Ty/W = 0,218 = 0,109 = 04,0545
1 0.55 14.54 7.27 3,63
1,5 .555 14,4 7¢2 3.6
2 .545 14,66 7.33 3,66
2,5 .53 15,1 7.55 3,77
3 .516 15,6 7475 3,88
3.5 .512 15.62 7.81 3,90

W3 /W (reference 2, fig. 9)

1 4R 1 B 2 (reference 2, equation 22)

Wy /W p Vob° Wi/w_g yep T

4, Recaplitulation

In the endeavor to adduce gddlitional data on the proc-
esses on planing surfaces, we attacked the problem 1n two
ways: complementary tests and theoretical deductions.

As regerds ghoyrt. flat planing surfaceg, the reault
was as theoretically anticipated: +the gravity has a drag
increasing effect.

For ;ggk;ilgi_ylgnigg gurfaceg, 1t was found that:

l. The airfoil comparison retains, contrary to the
“original expectations, at large Froude num-
bers, its valilidlity even' for greater angles of
attacky

P L 2, The 1ift conditions for planing surfaces of any
, length can be expressed by one single curve

pt = u'(%). even with finite angle of attack

3. IEven at finite angle of attack, the reduced mass
1s half as great as for the airfoll;

—
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-4, Contrary to the originnl expectations, the 1l1ft
condltlions do not chnnge ‘linearly wlth the
angle of attack.

The gravity~free problem thus appearing to be cleared
up to some extent, the effect of gravity on the angle of
attack following the drop in pressure as a result of the
gravlty - or what 1s equivalent to a rotation of the flow
pleture - as well as on the 1ift due to buoyant 1lift, can
row be more clearly isolated and studlied (reference 2, pv.
212-215), This might be important for future experimental
and theoretlecal studles.

PART II

1, Experimental Arrangeument (figs. 20-22)

A detalled description of the high-sveed carrlage and
of the drag-recording lnstruments can be found in refer-
ence 1ll1. Suffice 1t to note here that the drag-recording
equloment 1s so controllod by electric contact that the
push rod always remalns horigonital, Thc front and sldes
of the carrlage are fitted with windshieclds as in Sottorf's
later studies (references 4 and 5). Trial runs revealed
the necesslty for damping devices fore and aft of the
nlate to dampen thoe plate motions.

Aps distinct from Sottorf's use of wooden plates with
inserted glass strips, our plates werc of plate glass 7
and 12 miilimeters thick, fastened by countersunk strews
to Lautal gsuppvorts. The holes in the plates, necessary
for mounting, were plugged with sealing wax. For the de-
termination of the wetted length the glass plates carriled
a scale counting from the tralling edge.

2. Test Procedure

The tests followed a systematlic schedule including all.
data on mngnltude and distribution of the loading welghts.
This reduced the number of runs necessary for exploring
the questlonable regions to a minimum. The plate was left
free to t rim during the run. The test date for glven
amount and posltion of loadlng included:

1. DThe ensulng wotted length 1 of the pressure
surface;
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2, The ensuing angle of attack P of the planing
e - surface.; .. . . ) .
3. The drag of the planing surface Wy (push-rod
effort) (fig. 1). :

Angle B was measured by recording the forward and
rear trims. The wetted length 1 (= area of pressure
surface divided by plate width b) was obtained from pho=
tographs of the surface pushed by the water, the plctures
belng taken by a camera mounted on the planing surface,
the shutter being released mechanically at a certain point
during thé run. To assure a check on the constancy of the
wetted length durilng the run, apart from the trim record,
throe vhotographs were taken on one plate at time lnter-
vals equivalent to about 6 meters running distance. In
fact the photographs disclose two - and at times three -
contours close to ench other, so that the readling may be
consldered to be falrly reliladble (figs. 23-25). Speed and
posltion of plate being practically unchanged during the
actual recording period, reduces the conditions of the
tests to those of a statlionary flow.

The upright digits in figures 23-25 glve the numbers
of tho run., They corresponded, for instance, with numbers
50, 52, and 58 on figures 23-25, to test numbers 32, 13,
and 12 of the tost program in table I.

The interval between tests averaged about 20 minutes
and was long enough to practically return the water to o
state of rest.

3. Evaluation of tho Experiments

This timo interval was employed for evaluating the
tests = l.0., for doveloping the films, in order to ascor-
tain tho wetted longth, obtain the angle of attack from
tho front and roar trim record, road the horizontal push-
rod force from the dlagram, and complete the actual run-
ning svcod, from which data and the appliocd loading welghts
tho magnitudo, position, and directlion of the 11ft resultw
ant wera obtainod. In the event that minor doviatlions from
tho contomplated spoocd and from the intended plate normal
force hod caused a doparture from the intended load stage,
this fonet was allowed for by e correction in tho angle of
nttocks For in gravity-froe motion the angle of attack
reacts tho samo as tho load stage, whether the planing
surfcce is short (reference 2, equation 19) or long (ref-
ercnce 2, oguatlon 21),
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4, Exporimental Accuracy

Ag regardes the accuracy of the test valucs, i1t may be
stated that the errors in the determination of the angle
of attack are less than 1/10 degree, and that the actually
ettoined speed was, at the most, l.5 percent at variance
with the purpoced speed. The forco measurement was prac-—
ticelly frees from error, although occaslionally some very
small, lnovitable waves in the tank made the measurement
of the wottod length on short plates quite difficult, par-
tlcularly as an orror 1n reading here of evon a fow mil-
linctecrs, spolled an appreciable error in the determina-
tion of the vposition of the 1i1ft resultants. ZElastic
stralns of the balanco wore allowed for in the evaluntion.

PART III

Note on Winter!s Experliments

Winter?s test data are reproduced in figures 26 and
27. Hcovlng beveled off, for the purpose of better adher-
once of Tlow, the leading and traillng odges of the plates,
equivalont in effect to & plate curvature, the curves do
not pass through the gzero polnt. The effect of thig inil-
tial curvature was neutralizcd by placing the absclssa
through the polnt of intersection of the curvee with the
ordinate oxis (figs. 28 and 29). The drshed lines in fig-
uro 29 glve the ¢,-B valucs according to tho theory for
vory (infinitely) emall angle of nttack., They wero ob-
tained from

P T B=c 5T DL
from whlch follows

Ca T _1_
B 21/b

The c_ ~P values of figure 28, rcforred to the leading
edge o? tho nlate, were convorted for the planing surface
analysls to the trailing edge as roference polnt (fig. 30).
Figuros 29 and 30 show the curves on which the planing
surface evaluation had beon bdased. i

Trangslatlon by J. Vanilor,
National Advisory Committece
for Aoronautics,
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Figure 20.- Installation of planing Figure 21.- Experimental set-up with
surface. high-speed carriage.

Pigures 23,24,25.- Photographs of surface pushed by water.
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